INTRODUCTION {#sec1-1}
============

Diffusion tensor imaging (DTI) is a magnetic resonance imaging (MRI)-based methodology widely used for the evaluation of microstructural integrity of the central nervous system (CNS), particularly of brain white matter fibers and bundles.\[[@ref1]\] The most common parameters that are evaluated in a DTI study are the fractional anisotropy (FA) and mean diffusivity (MD).\[[@ref7]\] FA is a parameter that measures the tendency of water to spread in a preferred direction within a group of axons. It is a function of the axonal density and integrity of white matter fibers as well as their degree of myelination.\[[@ref5]\] MD is different insofar as it measures the diffusion of water molecules in three dimensions. A greater MD value would indicate a lower amount of cell membranes that hinder water molecule movement, as would be the case where there is a loss of axonal fibers or vasogenic edema or necrosis. Combining FA and MD analyses is commonly used in the evaluation of various types of brain and spinal oncologic pathologies, such as brain tumors, where a combined analysis enables a more accurate characterization.\[[@ref8]\] Recently FA and MD have been shown to be of value in non-oncologic spinal pathology.\[[@ref5]\] In this regard, it has been demonstrated that DTI can provide new insights into the diagnosis and prognosis of cervical spondylotic myelopathy (CSM) and cervical spinal cord injury (SCI).

CERVICAL SPONDYLOTIC MYELOPATHY {#sec1-2}
===============================

CSM is characterized by a progressive degeneration of the cervical spinal motor unit caused by osteoarthritis or degenerative chronic compressive pathology; MRI T2 MR sequences are most commonly used to assess cord damage. Hyperintense cord signals on T2 sequences are utilized to document myelomalacia.\[[@ref10]\] However, the degree of spinal cord hyperintensity in T2 studies does not necessarily correlate with clinical symptoms/signs.\[[@ref6]\] In particular, Ellingson *et al*. demonstrated no association between T2 hyperintensity and neurological symptoms.\[[@ref3]\] They showed that FA was significantly decreased in patients with cervical spondylosis vs. healthy controls, and that the reduction in FA was higher in patients with neurological symptoms (e.g., consistent with microstructural cord damage).\[[@ref9]\] Another study by Cui *et al*. showed a reduction in FA values in patients with CSM and a strong positive correlation between FA results and the degree of stenosis.\[[@ref2]\] Furthermore, a recent meta-analysis compared 394 patients with CSM vs. 251 healthy controls; that study showed that in patients with CSM, the FA values were decreased whereas MD values were increased.\[[@ref4]\] Various microstructural conditions of the compressed cervical cord, including gliosis, microcystic degeneration, demyelination, and extracellular edema, may lead to increased MD and decreased FA. In their study, the authors found a significant decrease in FA not only in the most compressed level but also at sites distant. This finding reflects the fact that CSM-associated demyelination and axonal damage afflicted both the myelopathic lesion and the distal sites in the chronic course of the disease. Thus, the diffusion indexes from the whole cervical spinal cord could be selected to comprehensively reflect overall damage in CSM patients. Accordingly, compared with conventional MRI, DTI indexes are more sensitive in the detection of CSM patients, especially those in the early stage of myelopathy. Furthermore, quantitative analysis of DTI metrics makes it possible to evaluate severity of myelopathy and predict the outcome of surgical treatments. [Figure 1](#F1){ref-type="fig"} shows an illustrative case.

![A 67-year-old man presented with a progressive paraparesis. Sagittal T2 weighted magnetic resonance images showed spinal cord compression with hyperintense cord signals at C5-C6 level (a). Diffusion tensor imaging showed decreasing in fractional anisotropy at C5-C6 level (b) but lower, at C4-C5 segment (c, d)](SNI-7-705-g001){#F1}

Postoperative utility of T2 magnetic resonance: Fractional anisotropy and mean diffusivity analyses {#sec2-1}
---------------------------------------------------------------------------------------------------

Recent studies have suggested that T2 MRI could not be utilized to successfully correlate the extent of neurological damage with outcomes for patients after surgery for CSM.\[[@ref6]\] FA and MD analyses, however, provided information regarding the structural and microstructural damage of the spinal cord that positively correlated with the extent of neurological dysfunction.\[[@ref3][@ref4]\] Furthermore, in symptomatic patients with microstructural damage, FA and MD would potentially allow for more accurately assessing patients' clinical prognosis.

TRAUMATIC SPINAL CORD INJURY {#sec1-3}
============================

Little is known regarding the potential usefulness of FA and MD as diagnostic and prognostic tools in assessing traumatic spinal cord injury (SCI).\[[@ref11]\] As noted, neither clinical symptoms nor nerve fibers microstructural damage directly correlated with the altered signal revealed on T2 MRI sequences. Here, FA and MD could potentially provide useful information such as regarding the microstructural status of white fibers at the site directly affected by trauma. Furthermore, it could provide information regarding the structural integrity below and above the level injury (e.g., secondary SCI damage may extend beyond the site of the injury due to axonal degeneration).\[[@ref11]\]

Utility to demonstrate when and whether spinal surgery for spinal cord injury is indicated {#sec2-2}
------------------------------------------------------------------------------------------

Emergent surgical treatment (e.g., decompression) may also be indicated when SCI correlates with clinical symptoms and MRI T2 hyperintensities. For example, there may be a symptomatic patient with negative T2 MRI findings who only requires conservative treatment. Conversely, microstructural damage highlighted by MR-documented FA and MD as well as hyperintense signals on T2 MR studies may indicate that emergency surgical decompression is warranted.

The impact of FA and MD in the evaluation of the spinal trauma is challenging. Unfortunately, these instruments, as well as the software dedicated to the elaboration of specific sequences, are not yet widely available.

CONCLUSIONS {#sec1-4}
===========

The development of imaging techniques, such as novel MRI methods, including FA and MD sequences, provide for improved treatment options, and are especially useful in the field of complex and delicate pathologies of the spinal cord. Additional research is required to confirm the preliminary data, and multicenter prospective randomized trials will allow the clinical validation of these methods and enable their subsequent clinical application.
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